I
n 1929, the Irish-born American pathologist James W. Kernohan and his colleague Henry W. Woltman described compression of the contralateral cerebral peduncle against the tentorial incisura by a supratentorial mass (18) . This led to the false localizing sign of hemiparesis ipsilateral to the mass lesion resulting from interruption of the descending corticospinal motor fibers in the contralateral cerebral peduncle. More recently, computed tomography and magnetic resonance imaging (MRI) have been used to demonstrate compression or structural damage to the cerebral peduncle contralateral to a supratentorial lesion (19) . In our current report, for the first time, clinical and radiological findings of Kernohan's syndrome are correlated with electrophysiological characterization of the descending motor fibers.
CASE REPORT
A 21-year-old man was the back seat passenger in a T-bone motor vehicle accident. The admission physical examination demonstrated a Glasgow Coma Scale score of 6 (E1V1M4), pupils 4 mm to 3 mm and briskly reactive, corneal and gag reflexes present, left Battle's sign (periorbital ecchymosis), and right hemotympanum. He was intubated. Head computed tomography on admission demonstrated a comminuted, depressed left temporal cranial fracture with subjacent hemorrhagic contusion and a 4-mm left-to-right midline shift (Fig. 1) . He received 50 g of mannitol on admission and was loaded with phenytoin (Dilantin; Parke-Davis, Morris Plains, NJ). He was admitted to the neurosurgical intensive care unit, and a right frontal ventriculostomy was placed which demonstrated an opening pressure of 14 cm H 2 O. During his intensive care unit course, his intracranial pressure was well controlled with ventriculostomy drainage. His mental status gradually improved. Serial neurological examinations demonstrated persistent left hemiparesis (upper and lower extremity). Electroencephalogram monitoring was performed, which demonstrated no evidence of seizure activity. Repeat computed tomographic scans demonstrated no evolution of intracranial hematomas. Because of his persistent left hemiparesis, an MRI examination was performed. This demonstrated abnormal T2 prolongation in the central portion of the right cerebral peduncle extending to the right internal capsule (Fig. 2) . Thus, his left-sided depressed cranial fracture, right cerebral peduncle lesion, and left hemiparesis suggested a clinical and radiological diagnosis of Kernohan's notch syndrome.
To further evaluate his descending motor tracts, electrophysiological characterization with transcranial electrical motor evoked potentials (Tc-MEPs) was performed. A D-185 transcranial stimulator (Digitimer, Welwyn Garden City, Hertfordshire, England) was connected to a Nicolet Endeavor System (Madison, WI) to record the MEP signal. This revealed both a marked increase in voltage threshold as well as a reduction in the complexity of the MEP waveform on the hemiparetic left side (Fig. 3) . In contrast, there was a significantly lower voltage threshold as well as a highly complex MEP waveform recorded on the relatively intact contralateral (right) side (Fig. 3) . Ultimately, the patient underwent tracheostomy and was transferred to a rehabilitation facility for further care.
DISCUSSION

History
In 1929, Kernohan and Woltman first demonstrated compression of the crus cerebri against the free edge of the tentorium. Gross and microscopic evaluation of 276 brains with tumors revealed 34 (12%) with various "degrees of notching" of the cerebral peduncle (18) . Also, they reported the case of a 47-year-old man with a left frontotemporal brain tumor with a concurrent left hemiparesis (18) . At necropsy, there was compression of the right crus cerebri against the free edge of the 
FIGURE 3. Asymmetry in motor response from transcranial electrical stimulation correlated with motor grade (A, left side; B, right side). The neurologically intact (5/5) right side produced MEP responses of a low voltage threshold (100 V), long duration, and a large-amplitude polyphasic waveform (B) (5 pulses with an interstimulus interval of 3 ms). MEPs from the paretic left leg (motor strength, 3/5) could be obtained at significantly higher voltages than the contralateral side (285 V versus 100 V), characterized by a substantially simpler waveform of diminished amplitude (A, middle panels) (9 pulses with an interstimulus interval of 2.5 ms). No MEPs could be recorded from the left hand (motor strength, 2/5) despite voltages exceeding 350 V (A, top).
tentorium. Over the years, other investigators have described further cases of this clinical syndrome (8, 13, 15-17, 19, 21, 22, 24, 27, 28) . The supratentorial mass lesion can be either a hematoma or a tumor but is most often a hematoma.
Correlation of Clinical and Imaging Findings
More recently, modern imaging techniques (computed tomography and MRI) have been used to demonstrate compression or structural damage to the cerebral peduncle contralateral to a supratentorial lesion, providing a radiological correlate to Kernohan's notch syndrome. Cohen and Wilson (8) reported the case of a 19-year-old man with traumatic epidural hematoma with ipsilateral oculomotor palsy and a dense ipsilateral hemiparesis. MRI scans in the early postoperative period after drainage of the epidural hematoma demonstrated the midbrain lesion (hyperintense on T2-weighted images). In their patient, the motor deficit and oculomotor palsy subsequently resolved. Jones et al. (17) (15) . In our patient with a left temporal depressed cranial fracture but without a large subjacent hematoma, the MRI examination (Fig. 2) clearly demonstrated abnormal T2 prolongation in the right cerebral peduncle, which correlated with his left hemiparesis.
Considerable interindividual anatomic variation in the tentorial notch has been described (2). The question arises, might a narrower notch predispose to Kernohan's syndrome? Adler and Milhorat (2) examined 100 human autopsy cases and reported maximum notch width in the axial plane, with a minimum of 24.5 mm, a maximum of 39.0 mm, and a median of 29.5 mm. Review of axial MRI scans in our case revealed a maximum notch width of 30 mm, which approximates the median maximum notch width from the cadaveric study, providing little evidence to support or refute this hypothesis.
Electrophysiological Characterization
Although other recent case reports also have demonstrated the usefulness of MRI in diagnosing Kernohan's notch syndrome (12, 13, 19, 21, 22, 28) , none have characterized the affected motor pathways. Therefore, we attempted to correlate our patient's left hemiparesis with electrophysiological characterization of the descending motor pathways using TcMEPs. This technique involves the application of a highfrequency train of electrical pulses to the cranium, which activates motor cortex, producing depolarization in largediameter corticospinal tract axons that make monosynaptic connections to spinal motor neurons (3, 6, 11, 23) . The resulting depolarization activates motor units to produce a muscle contraction, recorded as a compound muscle action potential and often referred to as an MEP response (5, 23) .
Morphologically abnormal waveforms are produced in conditions of neurological deficit. Transcranial electrical and magnetic studies in subjects with upper motor neuron pathological features reveal abnormal compound muscle action potential responses, particularly in waveform morphological features, amplitude, and duration (1, 9, 14, 26) . For example, Thompson et al. (25) studied the MEPs recorded from 12 patients with cerebral infarcts confined to either the deep white matter or the internal capsule and found MEP responses with small amplitude, short duration, biphasic morphological features, as well as considerably higher voltage threshold compared with normal subjects. These present but abnormal MEP responses correlated clinically with mild to moderate paresis (3/5 to 4/5 strength).
Our patient exhibited a marked asymmetry in both voltage threshold and complexity of the MEP waveform response, which correlated with his motor strength. During transcranial stimulation, the right-hand MEP response was elicited at 85 V and the right-leg MEP response was elicited at 100 V (Fig. 3B) . Both the hand and leg response possessed robust amplitude (Ͼ200 mV), polyphasic morphological features, and long duration. These electrophysiological findings correlated with intact motor strength on the right side (5/5). On the left (hemiparetic) side (Fig. 3A) , we observed a significant asymmetry in voltage threshold (285 V) and number of pulse trains (9) as well as a reduction in the complexity and the duration of the waveform morphological features in the left leg response. At the time of recording, the motor strength of the left leg was 3/5. Furthermore, we could not reliably record an MEP response in the left hand, even at voltages exceeding 350 V. The motor strength of the hand was 2/5. These results compare well with those of Thompson et al. (25) , who observed that MEPs were unobtainable in patients who had lost antigravity strength but still demonstrated some residual motor activity (1/5 to 2/5).
CONCLUSION
To our knowledge, this is the first report of electrophysiological characterization of descending motor pathways in a clinically and radiologically verified case of Kernohan's notch syndrome. This patient clearly had damage to the right cerebral peduncle that correlated with left hemiparesis and a concurrent alteration in his left-sided MEPs.
The absence of a subjacent surgical hematoma at the time of admission, together with the absence of an obvious cerebrospinal fluid leak, led us to the management strategy of ventriculostomy and intracranial pressure management. In retrospect, it is certainly possible-although impossible to provethat immediate elevation of the fracture may have prevented or reduced the severity of the Kernohan's syndrome in this patient. Perhaps the presence of ipsilateral paresis should lead to a more aggressive initial strategy in elevating depressed cranial fractures.
It will be of interest in other cases of spinal cord and brainstem injury to obtain and correlate anatomic and electrophysiological data. This analysis could provide objective diagnostic information about the status of the descending motor pathways as well as prognostic information regarding potential for functional recovery.
cleverly used motor evoked potentials. The findings are not, of course, surprising, but they are well described.
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San Diego, California T he Kernohan-Woltman notch phenomenon is a rare but well-described condition whereby the cerebral peduncle contralateral to a middle cranial fossa mass lesion is forced against the edge of the tentorial notch and leads to a hemiparesis ipsilateral to the side of the lesion. The exact cause of this lesion is not always clear and may not require uncal herniation on the side of the middle cranial fossa mass. This is the case with the patient reported by Binder et al., in whom there was no surgical intracranial mass lesion or clinical evidence of uncal herniation associated with the Kernohan-Woltman notch injury. Instead, it seems that a rapid acceleration-deceleration force caused the contralateral cerebral peduncle injury much as a contrecoup injury may occur. Binder et al. also provide a correlation between brainstem anatomic/ pathological features and specific abnormalities observed in transcranial motor evoked potentials. Such correlations begin to allow for assumptions about the location of a brain lesion based solely on magnetic resonance imaging or electrophysiological studies. Future studies of transcranial motor evoked potentials will help determine the likelihood that the specific abnormalities in amplitude, duration, and morphological features can be used to pinpoint the location of brain lesions. 
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